




EXPERIMENTAL 

One ml . of the headspace gas from each of the cans was analysed gas 
chromatographically for l ight  hydrocarbons. The resul ts  are  shown i n  Table 
Ia. The canned samples were washed with temperated water on a 0.125 mm 
sieve to remove dr i l  ling mud and thereafter dried a t  35'~. 

Total Organic Carbon (TOC) 

The various selected samples were crushed on a centrifugal mill and ~ i e v e d .  
The portions with a part ic le  s ize  between 0.125 mm and 0.063 mm were used 
i n  the further work. Aliquotes of the samples were treated with hot 6N HC1 
to remove carbonate and washed twice with d i s t i l l ed  water t o  remove traces 
of HC1, then placed in a vacuum oven a t  50°c, evacuated to  20 mm Hg fop 
12 hrs. The samples were then analysed on a Leco E C 1 2  carbon 
determinator, to  determine the total  organic carbon (TOC) . 

Extractable Organic Matter (EOM) 

From the TOC resul ts  samples were selected for  extraction. Of the selected 
samples, approximately 100 gm of each was extracted on soxhlet apparatus 
fo r  48 hrs using dichloromethane (DCM) as  sol vent. The DCM used as sol vent 
was d i s t i l l ed  in an all  glass apparatus t o  remove contaminants. The paper 
thimbles used i n  the soxhlet apparatus were previously washed with DCM on a 
large soxhlet apparatus for 48 hrs. to  remove any soluble components. 

Activated copper foi l  was used in the flasks to  remove any f ree  sulphur 
from the samples. 

After extraction, the sol vent was removed on a Buchi Rotavapor and 
transferred to  a 50 ml flask. The re s t  of the solvent was then removed and 
the amount of extractable organic matter (Em) determined. 

Chromatographic Separation 

The extractable organic matter (EOM) was separated on chromatographic 
columns, packed with s i l i c a ,  Riedel & Hahn, 0.063 mm, using the slurry 
method with hexane as solvent. On top of the s i l i ca ,  small amounts of 



alumina, approximately 2 cm, was added. The E O M y  a f t e r  i t  was "taken up" on 
alumina, was transferred to the top of the columns, which were then eluted 
with predisti l led hexane, benzene and methanol using a r a t io  of 200 ml of 
each solvent pr. gm of EOM. 

The various eluants were removed on a Buchi Rotavapor and the samples 
transferred to  vials and dried a t  40°c i n  a stream of dry nitrogen, and the 
amount of the various fractions,  saturated, aromatic and NSO fraction 
(Nitrogen, Su1 phur, Oxygen), determined. The saturated fractions were 
analysed gas chromatographically on a 25 m OV 101 glass capillary column 
with He as car r ie r  gas (0.7 ml/min.) using the sp l i t l e s s  injection tech- 
nique. The glass capillary column was mounted in a Carlo Erba F V 2150 gas 
chromatograph. 

Vi t r i n i  t e  Reflectance 

Samples, taken a t  various interval s ,  were sent for  v i  t r i n i  t e  reflectance 

measurements a t  Geoconsultants, Newcastle-upon-Tyne. The samples were 
mounted in Bakelite resin blocks; care being taken during the set t ing of 
the plastic t o  avoid temperatures in excess of 1 0 0 ~ ~  
then ground, i n i t i a l l y  on a diamond lap followed by 
paper. All grinding and subsequent polishing stages 

carried out using isopropyl alcohol as  lubricant, s i  
swell ing and disintegration of the clay fraction of 

. The samples where 
two grades of corundum 
in the preparation were 

nce water leads t o  the 
the samples. 

Polishing of the samples was performed on Selvyt cloths using three grades 
of alumina, 5/20, 3/50 and Gamma, followed by careful cleaning of the 
su rf ace. 

Reflectance determinations were carried o u t  on a Leitz M.P.V. microphoto- 
meter under oil  immersion, R.I. 1.516 a t  a wavelength of 546 nm. The f i e l d  

measured was varied to s u i t  the s ize of the organic part ic le ,  b u t  was 
usually of the order of 2 micron diameter. 



The surface of the pol ished block was searched by the operator for  suitable 
areas of v i t r i n i t i c  material in the sediment. The reflectance of the organic 

par t ic le  was determined re la t ive  t o  optical glass standards of known 
reflectance. Where possible, a minimum of twenty individual par t ic les  of 
vi t r i n i t e  was measured, a1 though in many cases th i s  number could not be 
achi eved . 
Processing of Samples fo r  Evaluation of Visual Kerogen 

The rock samples were crushed and afterwards treated with hydrochlosic and 
hydrofluoric acids to  remove the minerals. A ser ies  of microscopic s l ides  

was mounted i n  glycerine je l ly:  

T-sl ide represents the total  acid insol uble residue. 
0-slide represents the residue screened through 15 sieves. 
N-1,2,3 s l ides  contain palynodebris remaining a f t e r  f lotat ion (Zn Br2) t o  
remove disturbing heavy mineral s. 
X-1,2,3 s l ides  contain oxidized residues, when oxidizing i s  required due t o  
high coalification or much sapropel. 

T & 0 s l ides  are  necessary t o  eval uate kerogen composi tion/palynofacies 
which i s  closely related to  sample lithology. 

Screened s l ides  are normally required t o  consentrate the larger fragments, 
and to study palynomorphs (pollen, spores and dinoflagellates) for  paleo- 
dating and col our evaluation. 

So f a r  visual evaluations of kerogen have been undertaken from residues 
mounted i n  glycerine je l ly ,  and studied by Lei tz  Dialux i n  normal 1 ight 

(halogene) using x10 and x40 objectives. 

Roc k-Eva1 Pyrol yses 

100 mg crushed sample was p u t  into a boat whose bottom and cover are  made 
of sintered steal and analysed on a Rock-Eva1 pyrolyser. 



Results and d iscussion 

An i n t e r v a l  o f  120 m (1790 - 1910 m) was analysed. The l i g h t  hydrocarbon 

examination shows the  samples t o  have a good abundance o f  C1 - C4 hydro- 

carbons, especial  l y  i n  the  lower par t .  Th is  i nd i ca tes  t h a t  hydrocarbons 

are reservo i red  i n  the  sandstone i n  t h i s  sequence. The gas i s  very dry, 

b u t  the  wetness increases i n  t h e  lower most sample. The i sobutane/n-butane 

(ic4/n-C4) r a t i o  i s  high. 

The t o t a l  organic carbon r e s u l t s  vary considerably f o r  t he  c laystone 

(0.79-6.69%). This v a r i a t i o n  i s  probably due t o  coa ly  p a r t i c l e s  i n  t h e  

cu t t ings .  On t h e  whole the  samples analysed are  found t o  have a good 

abundance o f  organic carbon. 

Three samples were ex t rac ted and anal ysed chromatographical ly .  (Tab1 e 

I 1 1  - V I I )  . The uppermost sample, 1805-20 m has a good abundance wh i le  t h e  

two o ther  samples have a r i c h  abundance o f  ex t rac tab le  hydrocarbons. The 

r a t i o  o f  hydrocarbons t o  t o t a l  organic carbon (HC/TOC)is, however, h igh  f o r  

these two samples i n d i c a t i n g  t h a t  they m igh t  be contaminated w i t h  migrated 

hydrocarbons. 

The gas chromatograms o f  t he  saturated hydrocarbon f r a c t i o n  vary on ly  

s l  i g h t l y .  

There are two main d i f f e rences  i n  the  th ree samples. n-C14 i s  very abundant 

i n  the  two lowermost samples and they a re  more naphthenic than the  sample 

from 1805-20 m. The l a t t e r  i n d i c a t e  t h a t  these hydrocarbons come from an 

amorphous source. 

Three samples were analysed f o r  v i  t r i n i  t e  r e f 1  ectance. I n  the  f o l  lowing 

these three samples are  described and o the r  in format ion  from t h e  analyses 

i s  given. 



1790-1805: Calcareous shale  and limestone. Ro = 0.47 (3)  and Ro = 0.70 

(2)  

The sample contained only a few cu t t ings  of t rue  sediments showing pa r t i c l e s ,  

mostly of i n e r t i n i t e  and reworked material.  Only a few pa r t i c l e s  of possibly 

t r u e  v i  t r i n i t e .  UV l i g h t  shows a ye1 low/orange fluorescence from spores and 

a t r ace  of ex in i t e .  

1835-50 m: Shale and carbonate, Ro = 0.44 (20). 

The sample has a low t o  moderate organic content. Pa r t i c les  of v i t r i n i t e  

and i n e r t i n i t e  but mostly reworked material .  UV l i g h t  shows a yellow and 

yellow to  orange fluorescence from spores and hydrocarbon specs together 

w i t h  a t r a ce  of exini  t e .  

1880-95 m. Limestone, and shale ,  Ro = 0.48 (9 ) ,  Ro = 0.66 ( 7 )  and Ro = 

1.17 (10). 

The sample, which contains large  py r i t e  masses, has a moderate overall  

organic content w i t h  loose coal fragments of extremely var iable  reflectance.  

Some pa r t i c l e s  i n  shale  of lower ref lec tance and in  limestone of higher 

reflectance.  UV l i g h t  shows a yellow t o  orange fluorescence from spores i n  

a few cu t t ings  and a low overall  ex in i t e  content. Wi th  the background i n  

the fluorescence measurements, the  lower ref lec tance value is be1 ieved t o  

be the t rue  value. 

Material from f i ve  samples, 1790-1805 m ,  1805-1820 m ,  1835-1850 m ,  
1865-1880 m and 1180-1895 m were se lected f o r  analys is  of the acid 

insoluble organic remains. 

The material was not we1 1 sui ted  f o r  kerogen analys is  s ince  the  samples 

gave only sparce residues. 

1790-1805 m and 1805-1820 m: The residue apparently contain only a r t i f a c t s ;  

wal lnut  she1 1 s and chemical mud addit ives.  

Colour index: Not determined. 



1835-1850 m: The res idue contains chemical mud add i t i ves .  Small organic 

fragments a re  p a r t l y  emchedded i n  the  mud addi t ives.  

T e r t i a r y  f o s s i l s  a re  recorded i n  t h i s  sample. These probably come from 

cavings. Indeterminate herbaceous mater i  a1 and some woody matter  may be1 ong 

t o  these cu t t i ngs .  I 

Colour index: Ten ta t i ve l y  pu t  as 2/2+. The value may be based on reworked 

mater ia l  and thus too h igh  as a maturat ion index. 

1865-1880 m and 1880-1895 m: The residues c l e a r l y  d i f f e r  from those above; 

they are f i n e l y  dispersed, apparent ly  cons is t i ng  o f  equal p a r t s  of t r u e  

sapropel and herbaceous mater ia l  . The d i s t i n c t i o n  i s  d i f f i c u l t  due t o  

small p a r t i c l e s .  A f t e r  screening, cysts, c u t i c l e s ,  pol len,  spores and 

indeterminate mater ia l  remain i n  t h e  residue, together  w i t h  mud add i t i ves .  

Colour index: 2. 

Remark: We do no t  fee l  con f iden t  t h a t  t h e  exines used f o r  co lour  eva luat ion  

belong t o  t h i s  i n t e r v a l  . 
Five samples were analysed on a Rock-Eva1 instrument  (Table IX) .  The 

samples are found t o  be inmature. The upper f o u r  samples have moderate 

hydrogen indeces and h igh oxygen indeces, which i n d i c a t e  t h a t  they a re  i n  

t h e  coal zone, i.e. they respond dur ing  pyro lyses as coal would do. Probably 

due t o  t h e  samples conta in ing  coa ly  ma te r ia l .  The th ree lowermost samples 

have low hydrogen and h igh  oxygen indeces, t y p i c a l  f o r  immature  type I11 

kerogen. The samples from 1820-1880 m have a l a r g e  product ion indeces, 

i n d i c a t i n g  migrated hydrocarbons, 



CONCLUS I O N  

The claystone i n  the  analysed sequence i s  found t o  be immature; w i t h  a 
good potential fo r  gas (and o i l ) .  Migrated hydrocarbons a r e  recorded i n  some 

of the  analysed sampl es.  


























